GENESIS LUNAR OUTPOST 

CRITERIA AND DESIGN 






I 

V ■■ h' 

f 










GENESIS LUNAR OUTPOST 


h <-< 
<u o 

IS ^ 

S 3 ^ 
m 3 

•-* «2 

i S 


o 

bO 

u- h ^ 

tM O c/3 

-JO O 

2 5 = 5 

r« W 

13 O ^ 
•fi « § 

(D 2 

^ -g W 


l-i 

O Oh 

S 

4 J 5 
D ^ 

ffi 


B 

J 3 O 

4 -» C /3 

3 I 

CO 5 


c^ 

H ^ 
a> 4 > 

'S -o 

fli 

o . 2 ? 
CO rr. 
cd 

m 3 

. ea 

a, 

I s 


e s 


I «> 

c 


<U H Ji 


Timothy Hansmann, NASA/USRA Teaching Assistant 
Gary T. Moore, Professor of Architecture 


C/3 

o 

ai 

bo 

c 


S 

bO 

c 

*C 

>> 

22 

8 




Ou ^ 

- 4> 

S 

w :3 
-p a 


<o •f^ 
& 2 
^ s 

W c /3 


tM CO 


4-4 

O 

S ^ 

c 2 ’S 

Vh Jrj 
D P 
ti > 

S c 

U ^3 


CO 


o 

<S 

CO 

m 


4^ 


« - 
O 3 

Ok 2 


I 

o 

S 

Pi 

• 

o 

Z 


o 

I 

On 

VO 

I 

00 

CO 

Ov 

I 

o 

I 

z 


5 ^PQ 




^ 22 


O 

•§ 

•■3 

§ 

§. 

e 

V3 

*5 


V) 

ai 

•«>4 

§• 

O 

73 

c 

*s 

»«>4 

•O 

•o 

< 




'S 

o 

> 

I 


o o 





8 


H 

U 

< 

X 

H 

c« 

CQ 

< 


' ^ « s 1 14 

g p p § a § g 

i « § -s § 

1 2 c o s 'g 

tr ^ c« n o y 

«-t ST 


fl S S-S 

£ »IS1 

1 S *> Q .« 


C/3 

c 

o 

o 


i § 

E. g 

cu o 

'o 

<8 § 

5 ^ 

C 


cj >> 


rv 



^ c 2 ( 4-1 

8 S ^ P 52 

Ri W3 W ^ C 


« a 5 "2 2 

■S “ I S-g “t 

f 51 IS.S ^ ^ 

'O O ® O c/3 G 

^ „ a> o hn O 


0^0 

P u *-G 

P n -*-4 


o 

.a 




* 'll 1 ^ 

"O ^ -g -5 § 

3 o 0,53 5 - tjo 

"* -S S y o,-§ .0 

G G (fS ^ w G 

gh C CO ^ G CO -pj 

.X4 O ^ •G CO ^ G 

^2 M i 2 _ 4 J 

^ S .s S "S 2 ea 

.2 g > jS 2 § t: 

£ B 2 5 -5 > o 

t—t cG T? G G > CO 


g S 

> S >« 
« ^ a 

•o S " 

2^ 'S 

2 a 

o c 
- 2 
P >. X! 

s "S 

t« <2 g 

•a ts H 

*C 3 S 

P 


CO 

8 

fe 
• ^ 

a 


4-* .G 

G CO > 

E 3 g 
18 -S 




o 

c 


G 

e S 2 

p o 
■♦-* 

CO Q 

G 

CO C 4 -I 




1 EXECUTIVE SUMMARY architectural, and engineering communication. 
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During the design phase of the project, three different design scenar¬ 
ios were explored based on differing sets of engineering and archi¬ 
tectural assumptions: (1) use of prefabricated Space Station Free- 
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architectural and architectural/engineering design solutions to space 

design issues involved in the “bridge between worlds,” in particular, 3. Contained within the next generation of sophisticated 

in response to lunar outpost evolution, human factors and environ- Earth-lunar transport systems, expected to be comprised 

ment-behavior issues, safety, energy, construction technology, and of four primary components: 

the utilization of natural resources. 





a> o 

cx, ^ 

o >; 

5> S' 

^ CJ 

c C 

'•B ^ 

2 e 
o o 
c ’la 

-r-l 

C/3 CQ 
D l«i 

S Si 

c/j e 

•1^ • #> 
»- T3 ^ 

•§§•1 

^ §-g 

5 "o C 
g .S2 - 

6 

c a> S 
o ‘xa 

s & 


^ 3 

§■§ 

^ CX, 

S8 

^ ri 

o £ 


K s 

o *0 

G 'O 

C 

S - 

D OJ 
V) V) 

.52 « 

n -o 

.2 'S 

JS o 

-a 

^ e 

C V 

2 & 

B ® 


c *-r "0 

I |s 

fa &i 

a> g 


^ 1 
,t> B 

5B o 
J U 

13 

.a 13 

txo ts 


c ^ 
W o CO 
•o .ia CO 
« > J 


00 GO to 
P GO 
S J 00 

■S-H g 

o ^ & 
Sea' 

-V C CO 

8 2 i 

cx ^ •'^ 

c/3 CO hH 


T3 bO 

8 .2 

I ® 

■sl 

C ^ 

o o 

•G 

G -O 

fo) 2 

D *G 

C S 
5 g: 


^ § 

S c 

> .2 


i-i 

0^ 

O .. 
CX ^ 


'-o 

3 ^ 
2 ^ 
'a 

s ^ 
2 >> 

c/a 

13 g 

.2 «' 

g g 
■g 6 

E S 

■8 g 

i« 

> ^ 

« E 


o 2 

c S 

D G 
21 ■§ 

§.§ 

■s = s 

c « -a 

" S 

els 

3 I S 
^ r! 

^ 'G 8 

^ S a 

J5 G 3 

^ - o 

o >» s? 

^ w) Si 

«i .2 
2 o <3 
Sub 

cL 

B S 3 
g I* E 

60 U 

C 2 S 

-O ^ x-i 

§ c ^ 

2 S wa 
£2 8 .2 
.2 E S 

<=2 3 

-s & 


o *5 

CO CJ 


^ G 

*'? a 
>^ 00 

^ I 

jb H 


E 

fi 

g 

o 

c/3 ♦-* 

3 CX 
^ G 

2 'G 
2. G 

o o 

-I' 

a, 

^ 60 

§ G 

•g 

oC’g 

VO C 


>' 8 
o 

g i 
g" I* 

o JS 

o o 

bO bO 
O G 


M 

I 

^ O 

iS 

*- 

lO -g 

^ o 

^ G 
fS O 
oo *^3 
' G 
G G 
'G 

% I 

E G 
in ^ 
■G* G 
>. 

6 

bO G 
C G 
O CX 

^ c/3 


CX a> 
CO JZ 

^ U 

E-g 

^ O 

? •“ 

tJX 2 
c S 
.2 
i 

CO 8, 

§ § 

b. y 

« <§ 
S 43 
^ Ok 

^ *2 


^ 8 

I g 

« ’2 

S g 


2 

> e 


•G G 

8 w 

a ^ 

P 2 

o, e 

^ J 

C 

a> >—* 

8 13 

G C 
O o 
fe *n 

Q G 

E Z 


G 

c^ ^ 
3 G 

1 G Jq 

2 ^ v-i 

.3 ‘.B 
^ U S 

^ « 

s «§ b 

2 52 S 

0^ S 5 

>'2 3 

o 3 2 

S*'3 S 
2^3 
E o G 

B ^ ^ 

g ^ 

G O G 

G -o a 

^ G cx 
c/3 </3 O 

cT ‘C “ 
"S 3 TJ 

2 O G 

o u a 
43 E c 
S H 

M ^o 

^ c^ 


o ^ 

» G 
c/3 *G 

§ W) 

G O 

& i 

8 ^ 

g G 
O G 
•G G 
X> _G 

g •- 
3 ^ 

o g> 

O g 

O G 
& G 
0? G 

g| 

b g 


o 

C/5 

B "g 

^ 'E 

G 

CX 
Vm P* 

Vh 

"O ^ 
O 

u> .2 

4-> W 

1 ^ 

fi o, 

M «« 

G 

s 

1—1 G 

t 9^ 

OO 00 

bO _G 
G ’G 
c 

2 u 
o ^ 
•B 16 

X-I G 
O ‘G 

•s « 

•g § 

g^'O 

43 ®* 

U a 


a 

8 <6 

o fi 

cs g 

2 E 


.■fi U 

13 o 

3- S 

~ 3 
♦rt .i2 
G X 
G G 
c/3 G 

B g 

2 0 

gvj 

G 

o S 

cx 

^ 2 

v2 B 
;G b • • 
^<2 2 

e I'a 

S G 

o ^ 

H G 5 

2 G 3 

G G *- 
33 G O 

G c/3 G 

fe S 3 

3 cj ^ 

.2 ^ S 

.52 ,u "O 

> Ja s 
P o 
£ ^ .S 



u 




approapriate “urban” design so as to retain the natural qualities 5.4 DESIGN METHODOLOGY 

of the moon: “Take only pictures, leave only footprints.” 

To achieve these goals and mission objectives, the project team 
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Figure 5.4-3. Module design. 
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Figure 5.4-6. Preliminary water subsystem. 
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Figure 5.4-7. Programming matrix. 
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pressurized atmosphere contained within most of the structures, be a relatively simple and stable place to build. The lunar regolith, 

these structures must be able to support the differential pressures the generic term applied to all lunar surface soil types, is similar to 

resulting from a high internal pressing and a low external pressure. very fine grained sand and extends to a depth of at least two meters. 

Geometric shapes which most economically resist these tension and possibly twenty meters or more, fairly consistently over the lunar 

forces, such as spheres, would prove to be most economical in surface. The three main properties which are responsible for prob- 
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where in between 41cm and 1.25m. Thehigher figure quarters as well as accomexiations for scientific experimentation and 

will be the most comfortable initially, while the lower crew recreation. In addition, a number of other facilities will 

figuretakes into account the muscular deterioration comprise the overall architecture of the base, 

which will occur during an extended stay 
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This power system should be located far from habitation areas and will serve as a prototype for a mature lunar base as well as space 

away from dust producing activities. stations and a Mars outpost. An efficient environmental support 

system will reduce reliance on outside sources of materials and 
thereby lower the cost of running a manned extraterrestrial facility as 
well as offer a psychological independence for the crew. By 
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as well as used efficiently. In terms of wayfinding, especially during 
Areas designated as a safehaven is required for the base in case of a the 14-day lunar night, a regular pattern to the lunar base will be 

solar flare emergency or failure of the main habitat. It should either important psychologically. A grid or axis that is easily understood 

be appropriately isolated ro physically separated from the rest of the at large distances will allow for easy orientation. Several ordering 

base and contain everything the crew may require until a rescue principles are inherent in the functions that make up the base and the 
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The psychological health of the crew should also be considered in the involved as images are transmitted back to earth. A configuration 

overall configuration of the habitat. Modules may quickly tire the that is well organized and pleasing will suggest intelligence and 

mind by the lack of a “visual landscape.” A larger length and width forethought as well as goodwill and a sense of unity, 
habitat is required for long-term psychological health. There should 
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The lunar base will, however, still be symbolic of a number of things 6.6.4.2 Care for the Lunar Environment 

to people not directly involved with the space program. It will hold 

a special place in the solar system as the first outpost on another A roadway system on the moon, even if not necessary for vehicular 

world and should therefroe reflect positive qualities of the nations use, would help restrict or at least contain the amount of footprints 
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Wayfinding and coding should be used as both normal operational ment. It is possible to make the spaces seem more privat than they 

and emergency aids in crew functioning. The use of lighting cues, actually are. In this way we may be able to effectively create the 

labeling, and colors can be used to denote various zones or controls. feeling of privacy without going to drastic, costly means to do it. 

Emergency lighting should respond automatically and indicate the Because of the need for visual and audio privacy, a physically 
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Design Issues/Requirements 
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Design Issues/Requirements 
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Simplicity in the design of this system would reduce crew training 
Figure 6.7.9-2 Proximity diagram for five major classes of time,lighten workloads,andminimizethepotentialforerror. Aspects 

habitat activities (heavy lines mean close proximity, lighter lines such as psychological implications and effects must be considered. 

mean more separation). 

Coding is an important issue for all operations, systems, and equip- 































- 0001 


H^.^«.Vo.„^.cp«ran=e^u= 


t/i O 
cd ^ 

D C 

Is 

§•« 

c/3 C 

gii 

cS 
O S 

O ^ 
e ^ 

E ^ 

^ a 

w CQ 
C/3 173 

c « 

a> 

bX)^ 

S’? 

s § 

" i2 

c 

1^ 
c'fJ 
o -a 

o a> 

^ ^ 

l-i.l 

C >^ ccJ 

'a-^.g 

C C fa 

o Q S 
•d'd S? 

2 2 2 
U U Cu 
O. D< U 
O O "O 


® fa 

^3 J> 

2^-2 
« “ c 

N 22 ^ 

’S S 

4^ a> C 

g s? s 

-S >^w 
O «/a C 

^ 13 ^ 
3 c 

e 

O O & 

i^ll 

^ — o 


1 


o C’is 
•3 ^ 

^ 

g I’a 
©So 
0.2 
S — 

S D.4> 

8 22 
2 Sis 

t-ll. 

'S CX o C 

^ O 

c/3 CU*rt 

<3^5 2 

H-2 cS § 
< crx> o 


-2 c 
*S & 

-2*^ 
C V 

c« *0 

u2 
-o a 

S 

o -2 

CA 

^ H 


c 

o ^ 


5 ^ 

V Ol 
O g^ 

•S . 

<4-^ C/3 

^ s 

c o 
<=> 2 
‘S 2 

d 41 

C Q, 

‘S o 

Jo 

3 4> 

7\ W3 


•S'S| 

::h 3 D 
•Tf ^ > 

^ f3*S c« 
c<j 5 c 

53^3 2 


, •» 'rt 

i!l| 

.Q g 

c .2 cj o 
a ^ ^ ^ 

C F— 5 ♦“* 

2 O ^ S 

£'§-§ 

2 “ c3 -rt 
*5 . c d 

>1 

O ^ c/3 2 
Oh ® O Oh 

3 ^ o g 
^a'-a o 

= 2 S’S 

°l >-S 

s g gi^ 

g “> 
^ *0 s .5 

l^i| 

>1 2 Q <4-H 

P3^ ° O 
c ^ g 

fa c tS 
E fa d ^ 


|i^' 

ss 

eS ? 

ai 

•. c/3 
P IH 

fa ^ 
o ts 
tJ O 
X o 

O O 


o o 

C 03 

o ^ 

■g *' 

8 8 

n 8 

2s c/5 

•S ^ 

o 

o 2 

o ^ 

03 

^•d 

1 2 

*S o 

§1 

2 G 

c 

• ^ * 
bX) o 

E -o 

a.2 

^ c 
Hc: 


03 

C3 

g i 

S C3 

oS 

H-. -*3 

'S'S 

S'S 

c/3 d 
03 03 
TD ^ 


Thep^oxlImtyoIconl^ol5iUIuul»Hia7^«..»-.^.- ''"''"-“."V-;;,. Cg flexible and adjustable in order to accomodate a variety of 

«,ks.ReflecdonandgU«shou.db.™ni™.cdbyU.ephc«ne„.of 





2 

c 

o 

6 

o 

.!d 

I 

c 

bO 

c/) 

a 



e>o 8 

6 S"^ 

P•'3 fa's 

•^Qo2- 

9 (fa E 2 (« 

o ^ ^ • 
ilco S-B 

‘§'1^ 2 
§>c5-'3 







C 
. a> 

-O c 
>s.g 

a> 

^ 2 5*0 

o -S g *2 ^ 
§-•1 -C P s 

*- g 2Xc« O' 

g ^ o S *3 S), 

pS'-gg, 

S to ' 



o 


«/5 
CO O 

2 H 
E.d 


CO 


O 


s 

S g 

to w 

^<4-4 

Q 

O o 

5P cx 

fS Cd 

2 ^ 

to 

^ ^ CO 
•is cd 

•5 a 

^ cd 
cd 


to 

cd 


C 

■s 


^ e 


2-B 

j* 

2 2 

|.S 

B ^ 

E X) 

00 2 

«.S S 

O I 

n «J 2 

CL 

O 3 


s 

CO 
CO ' 

E 

cu 

•a 

g 


I 


CO 

E 

d> 

CO 

>> 

C/) 

>> 

u 

C 

Oi 

M) 

E 

u 

'S 

c 

o 

> 

ed 

.c 

Cd 

c/s 


00 




§ 

% 

x: >%'55 

2pi» 

I If” 

u . S^ 2 



”2 

w 

C^ 

D 

•O 

c 

o 

O 

-o 

CO 

cd 

C 

a 

o 

■2 

CO 

cd 

X> 

a 

g 

o 

8 

a> 

•S 

Ih 

<2 


o 

> 

c 

a> 

• r4 

o 

a 

CO 


cn 


c 

c 

*i3 

cd 

4-4 

2 

■g 

O 

-S 


CO 

O 

O 

CO 

o 

L-4 

O 

1 

X 

2 
4-4 

•s ^ 

CO jy 
o 

g & 

2-2 

^.52 


-o 

c 

Cd 

0 £ 

^5 

*0 

c 

*2 

Lm 

§ 


H 


CO 

e 

o 

2 

c 

B 

B 

o 

U 

2 ^ 

S.2 

CO is 

A ‘5 
h c« 

00 

c 

CS V 
00 3 
sdJS 


§.£P 

iei 

^ CL ^ 
4> P 
W) ed 

3 cd ^ 

""■si 

S 

to Cd 



.a s 8^ « 


•13 ag c ^ 

® § Q H ^ 

«* ^^-aa •§ :a 

o o o 

S M G 

o 8*.2 S 
^ w) Sb.2 


I. 

E j> 

ed *3 

CO 

cd 
CO JZ 

3 

CO 


I 




.0 CO 


2 


CO 


3 „ 
a B-g 

^ ^ 55 
2 C C 

Goo 
H o o 


CO H 


O TS ’T3 3 ^3 2 ^ 

SSSiS-s-g: 

> ^ g'!^ g’S S 

2 fa "P '3 'C 

M'S 11 § ^ O 

-2^’^ fo|ii| 




CO CO 

^ .2 2 >> c 
E >■ ^ o 

<A g 


o 

”2 u jg 
*3 ^ ^ 

O O CO C CO Lj 

g E O rt 3 3, 

g eg JJ 3 O g 

u S CO 3 CO S 

c.sS'l.gl* 

3 sTS I 

<a g’i ^ 

> la'shfa g 
w S eS P'2 - 
c -a o o G {S ^ 
o .2 aa §^<*3 

o Eb 2 P fa • S 

>• o S ^ ft o o 

sc fa v5 ^ c3 
c S-^ E 

8 § g kI-^I 

2 11*^1 2 S 

b - S ^M-o — 

Ill-ill^ 



<2|« 

wj « 3 

« ^ -o’E* 

•S2-sf 

■S^SS 

^ S *9 bo 
.';: c £ c 

^ G f? * ^ 

»5 > 4> C/5 

^ ^ ^ 

c 3 a* 

I § g| 

g^jji 

^ O IZ 

^ ^ > u 

p 2 ^ o 

I'Sl'S . 

O N 2 C ^ 
O ® D i> 
a> ^ 73 o W) 

g p.2 c/i S 

S c3 H ^ 

Ss'^ss* 
^ I =^2?| 

ss.^s:^ 

M C eg g bo 
C/3 D CQ V 3 

S-o ^ « o 

G CO 2 K 
B O a> C 

_g *3 M x: 3 

o SrS ^ B 


O w ’O S3 TJ c/» 
*- > C C 4> 
bO 2 e ^ eb '2 

.5 6 .&«« « S 

lllfit 

11-1111 
a c ?3 o 
e O « 8 «i "O 

j^’2 s a g R 

^ apq «JC SS 

■g u ^ a 

Sf g^f^l 

3 ^ o g e • g 
^ ® b o -S c 

^ ^ o H E o 

W c c 2 jj *5 

‘S’igsis, 

S S S3 £ o 

1 a R-i ^ S ■ 

5 pC ^ ^ ^ 

§ ^ S £ 2 c 

R . (o .G o 


o ,;; 


R 

s-g 

C 

5 S 


• -xa -g Q 

!S2 Crt ♦-* t/3 


^ 13 SL CO ” o B 

g|e?a^a R 

« s 2 "-’2< 

^ 2 g S<X) ,5 > 

1 "J.S S S 3 W 
^ J « g, g^ 4, 

— 2 c-s o^*^-S 

Z* 5 O ’g O _c <4-t 

< Z o > i -S o 


S«aa-g2 V .-g 

“gSis-sgl 

• rt E CO ® ® ^ 2 

K JTv e/3 <w ^ C 


•rt E CO c -c « g 

5 S S *2 g c -S 

ir;t5foc«^Hcc 

^ ^ P ®.*S V, V 

g, o < O W 3 a is 

eo * > 2 8 c S3 

Q W « o o "O ‘g 

c3 £ ^ W) F M 

g g.’S boS S>S?2 
•a «*«*- c«5-a a "a 

I I ®| « 

« ^ 8.S « Ba ^ 

4.>p££^<S ^c 

a> «^4 >SooR 
.b O-S £s^ £t?,i2 2 

l;ls^.s&|| 

g>. 2 -s-s< S.s 

§3 ” sag> 82 
8-« la g*S“Jag 

C3 __ ^ x 


€9 C 

^ s 

CO O 


S^R-Sg.l .fS 

£ 4? K-B ^ I -S ^ « 

H -o 0) > cd E ;G Pi’S 


2 a £ Zr* t3 

^i-sll I 

« i.1 f e c 1 

^ feiJ a ^ 2a 

a'Sa « PeS-g 

3g'^-s5s« 


73 C'S .c 
•c o ^ ^ 
SS 


£c2*S 

^«n 

.. w V 

a s 8 


J^e'sS-SSl 

118 “’S'? I § 

M ^42 3 g M .S 

•s - S J a s£ i 

p g 

3 a £ « . wa 8 

|“sisM£ii 

3 'S .25 c V B o 

13 § S ? O" bo 

H e o i B 

•o.l>a.Sa pa 8 

SSpS’GO^^S 

|’°J| SPpR-^ 

•c s g-C § g J O 

«pS«»>-S2 33 

s = W)B-S o J2 i 

alllllll 

HSuHrtbo'o 


§3 e« W) 

i 4> g .S 

P "B 'O 3 

5 c s? a 
1^ O y bo 

O O ^ J3 

^ ’a ^ W) 

p c W -p 
RSa B 
S M.^'g 

■Sa S-S 

c H 

bo OD c .E 

• 

CO ^ ^ ,3 

^2g>S 

J! o'l S 

a gOf 

^ CO • ^pH 

bo.3 ;< ^ 
S "2 > bo 

3 ”u s 

"Siii S a 
.2? eb o a 
3 o w> 

j£^.§ p 
•a ’Q O Q 
E o cd 

J B-s & 

B.S «-5 

•1^ <i\ ^ 

SSaii 

S B‘G> 

M U 


8 § g^ 
eB-S3 I 

o CO ^ .a 

'S CO ^ X 

3-^ i S 

o ' B- 

Q ® 4) 9< 

® C N eS 

cs o n c 

<- *3 eo 

3-^3 

3 g B R 

■g S-su 

O 'rt p-M 

G O 

52 *C ^ 

1 Rb “ 

B S^Sa 

jc ^ in a 

v7 B ON 

Cd C 2 
x: *53 ’G WOn 

2 2 -s g'-' 

^3 P < ^ *» 

C T3 W)2 < 
G C G co^ 

<2 

o Oi c9 ^ 

JC Cd 'O ^ sli 

o *35 c " 
^ 'Ga 3* ^ 

^ o S B E 

VO Ph g 

OS O .'S’© 

1-H CO G^ ^ 

'^R-S S^c 
g R§.s 5 

B 2 S ^ « 
« B o‘-oi§ 

vO < 4 ^ ^ cd CO 


> o 


3 > 


«i3 2 

2 S c 

eb <4 .3 

&s B 
a 8iJ 

X E G 
C3 S 
-38 


S w s p -a 
” O u 5 SS 

p *5 x: p ^ 

e 3.2 ts > 

2 § w.BW 
CO CO P G P 

^ p is a ^ 

’i 3 i 6 • 
E ga P P 


p p CO 

cd 5 ^ 
cx,*£i * 

CO ^ 

s-li 

§ E £ 

I«I 

g -S s 

I. 4> 


> w 

2a S3 


«> ^ 
P G5 
'G 

& ^ 


8^ 

S-J8 


CO ^ 
p 

■§1 

1-S 

w -S 

•«-J 


B « 
S 

•a> 

iw 


O V5 C 

Ic S3 ^ 

ill 

S o a 

03 rt 
B e g 
begjg 
1^23 


o s 
§3 


P-^ 

2'^ 


B CO 

|s 

2 o 

^ p 

j2 

^ PA 

CL..S2 


GO 

S's-a 

■SoS 


P P P 


S 3 
S p 

2*5 


G to 
G p 

p 'O 


Q P 
P p 

S>*s 

S? G 


X p, 
o 5^ 
p p 

3 £ 

D ^ 

>» p 
ed pG 


55* JS A o *0 p *J a? 

8 3-1 g-S g 2 


o c 5 

•^3 p 2 

g B P 

-§ R o 

Po^p 


3 B 

b| 

7^ c 


p 
e N 


8 &g.l< 

CO 1^ *^«»H i ^ P^ ft 


W 1^ 

&■ o ® 

c2§S«J“34>.B 
E g.S-ga E 8-5 3 
8Rg&:i’8ESg 
E-a'S p SJ! p s 

B S' 2 3 .§ 1’3 g fS 


3 U 

(LI G 


ft-s 

>» p 
CO 


8 j2 B 

a. G h 

S o ^ 

G’SfS 

£ p ^ 

S G o 

5 -9 ed 
G ^^SG 


C ‘G O 

§ 

•o3’g 

4-» O ^ 

^ P 


P ROrt 

S- 3 I 

^'2 8 B 
> ^ B P 

o i2 B S 

3 *3 s 3 

SS cr* 4> 


B:S 


S .E O “ 

E i 3^£ 4i 

8 8 B.02 . 

4> 5 o,.« S 2 S 

S « s s.g:2 


G •wH 

S G 

A CO 

P o 


g <1 


8 o-i 3 23 § 

S E|-S-a “ § 

o *G ® p^p-i G ^ y 

Is ^ ^ cd 


> P o 

W-S« 


w)-3 £ < =2 £ 

G ^ P E w r? £ 


C P aj ^ ^ ws O 
o 73 Jo b ^ 

e\ eg ^ JO Kj p^ 


•s-g-g 

F Sb.F 


il 

G G 


l.c R 

3^ S 


« eo 

CO P 

p -o 


c «= 
& P 

w) s 

tz 


g 1' ° 

S-a B B 

• a4 ^ 

^3- 
S’geg 

.2 CO 


G P 

R-s 

•o'a 


6 4> 

.a 

>%«« 

Sh 

.O . 


P pG 

p ^ 

5 CO 

6 p 
to N 


8 2^ s 

b ^ o £ 

G G 

rr* P CO rH 

S s £ p 
p.&s 8 

G G P cd 

3 g^p & 

P - Gi a^ 


C 

P P 
Ob’S 

*3 

rI 


a g « K 

.3 G* « 

■S.oa-S 

to -G B Kf 


. c 
P o 

P “G 

Mb 3 

CO g 

p cd 
G > 


o 

£ o 

ft p 

2.H 

CO 

P 


£ "Bb 

S S 

Ob ^ 
CO ^ 
CO 

p p 


O.B 


o N a 

o'Sh 


a a 

t> 3 

8 S 
gx 


SI 


ai.2 
V 2 


cd 


£.S-S 

o § <« 

■o Sr 


< a 

> ^ 

w 8 

4) a 

a X 

2 8 

.B « 

3 p 

r? CO 


P CO 
CO ^ 

ed <, 
P > 

^w 

^ P 

la-s 

o s 

4-^ 'W 

3 B 

4> E 

.HJ8 

CO c 

^ 8 

« ! 
’S ^ 
^ B 

P P 
pG 

a-o 

cd CO 

8 

.3 « 

fS &■ 



2 

c 

o 

E 

o 

.h 

3 


d) 

3 

C 

bO 

a 


o 

c /5 

CJ 

JD 

C 

D 

-s 


D 


c /5 

D 

TD 


O 
P 

c 

T 3 

c /5 r? 


O 

■3 


“ 


o 

CO 

P 

Vx 

•o 

a 

-O 


4 > 

.P 


JD 
a 

i ^ 

£* o 

o 

o 


c -; t? o o 

o'a 

CO ^ U 

>>*-p ^ 
K^.'p W> 

*-» JD 

S ^ 

iS o c 

cx-S 3 

h ^ 

g rt (U 

^ rS 

O 

1^0 

e3S 

— Si? 

O rt P 


D 


4 > 

TD 

cd 

a 


o 

T 3 


to 
cd 
J 3 ^ 

*-* CO 

C 
a> 

a 

cx 

> 

D 

na 


<« 

sS 

S.S 

o cn 

•fi 


G ^ 

d> ^ 
JD -rt 

♦-• s 

CO CO 


Ih 

d> 

> 

a 3 

TD 


O 

cx 

cd 

o 

CO 

'O 


O 

o 


JD 


g E 2 5 ?^ M 

2- 5 ^ g «-2 

fa'll 



§i)^ 

S's 

•s,^ 

g WD & 
CS 
P w> 

-o G 

<u 'C 

CO '2 

cd G 
o £ 

•S ^ 

>'t^ 


o c 

'BM 

(J w 
O 

^ CO 

ii 

C 4 > 
JJ to 
£ >» 

ii 

O 
CX 




CO 

4- J 

G 

4 > 

a 

a 

ts 

p 

? • 
S OO 

> ON 

5- a 

4 > O 
T 3 
G 


S 

• *«i^ 

6- 


O 


P 

G 

cd 

e 

.2 


e 

u 


e 

o 


2 


CO 
>% 

b ^ 

s « 

rSJ O 

Q,as 

a, 2 Z 

CO ^ 


a 


•s 


g-S'Sl 

P C 4> 


G C 

S-S 

> o 
O *o 

^G 

j> 5 
fSi^ 


o 

cx 


a^ 

o 

CJ 
CO O 

o § 

fS^ 

pO d> 


G P 


• 2 -si g 

CO .. td O 


.52 U* G c 
> JD O.P 
W) o ^ 

Sc 's'ja 



G P 

fi|s 

rt p 

<t 3 

«» 



g e 

Ig-S-g 

. u 3 a 

^iri 

B CI4 1^ 
G P Cl( 

gfiSjj 

^ ed ^ 

gs-S'^ 


CO _ 

SOS 

gHco 

t^3 

o* •> 

a b 

1 i’S 

S g C 

• iM 4 > bO 

BM 


p 

JD 


Q _e 




^ ’rt. ^ a 

g g o «« g 

iSljJ » 

't'HlsS 

^•D S^-g 

l-i *5 


€d 


p ^ 

a .0 

-G ^ 


CO 

p a 


CO 


cx 

ef 


. _ ed DD 

o'a a c 

*1 Sj-s 


B 

T3 


« c n o 

£ •'" 'O So 

e='-SvS 

2 ^ -a •S 3 

o< D< b • a 
• o "S. (/) 15 
o S sp «> s 

T3 cxa 3 B 


8*2 

^ S £ -a . 

-Q,^ 2-2 

^ 60-c .2 

S S 3 — 
S'S ^*2 

O .G to cd 

^ § a 
a ? ^o 

x/i P G 

2 S'-S .‘9 

C o. 60 S 

^ ^ S e 

2 S'2 

£ 2 g 

P 'G ^ 

« ^.’9’Sf^ 

= 1111 


C 

P 

"O 
• ^ 

u 

< 

> 

w 



® « e « s 

^illf 

I ii II 


P 3 

'P P 
<2 ^ 

•g a 

o p 

X 2 
P td 

■s -s . 

g a T) 
2 9-0 
f ”S 

° « K 

■a-55i^ 
•n p 

.p -o G 

^ fli p 

r Ss 


N rt 3 

2 

P 


Nil 

o 2 0 . 3 

o, w jj ST 

'g-^i 

o g*SS 

o ^ CO ^ 

" 2 2 -a 

£-2 5 J 

•o-Oo 

a a <2 

•2 S ea 

2 . “ «5 

2 
c P 
^ P CO 

, 5 >> 

to 

3^ 2 * 

®§§i 


CO 


S 


cd 


o 


p 


u 


2 eo 

c >» 

4 ) CO 

2 u 
>.2-S 
g 3 « 

G CO 
p G 

a *-< p 

P G 5 
CO O G 

CO cd to 

2 53*3 

^ as 


^ I 

1^ p p 


p 


CO 


p 


P P 'S) 

eS^J^ 


P 

P 


^ Jb s e 3 

s:§ ^.1 § 

H Cd to ^ f-4 
C ^ -X cd 

p 'G 5 a t 4 .^ 

'S'> ^ *5 o 

• 1-1 ^3 


p 


p 


p 

<C 

> 

w 

p 


^0.1 

^T3 
^ S W 


P 

P 

c 

p 

CO 

JD 

Cd 


ix ^ 
O Cd 

t2 

5 "S 2 

>% P p 

a-s 


p 


— — p 

ed JD *0 
^. 2 P'R £ 
«>S S'® 
•S jc o "b 


CO 

>s 


CO 


p 


p 


cd 

•s 

cd 


0 0 ^ 5 ^'* 
^ 2 ® W) 
bO C ••-* c 

.S .£? «‘2 

G CO ^ JD 
JD P S 

T 3 '*^ . 


• ^ 

'S 

> 

'3 

> 

G 


O 

CX 


cx bOTD 

■ . 


JD 

bO 


P 

CO 

ed 

X) 

C 

G 


eF 


<3 
c 

cS 

.£?o 

CO 

^ D 3 
>% 




>u 2 2 

H j 2 a 5 ^ 

c ^ Ta P ’p 

sill-8 

«®d|s 

CO U-i & P 


T3 g ^ 

ill- 

SJi-S-gS 

•S-H S ft «« 

.G .S ^ G 


G 

bO 

CO 

P 


P 

•s 

.s 


E 

o 
M O 

ft G 3 

p JO 
^ cd 
O DD 

cxa 
a p 

ed *5 

^ s 

13 fa 

§ E 

^ p 


g 1 

^ 75 



Sfi'Sg, 



bO’g G 
G 5^ 

■g P 
jg p 
bO cd 
•ft CX 

J £? 


B 

al-a 

8 2 g 


O P K g 

g vS I 

G G cd cd 


00 

>C 



r) 




o’3 2’S;a 
^ 2 c 

>> a> ^ v. 

jo^ H o ^ 

^ -C 4> 

« 8 a § 

ts^'c a 

o o « 2 S 

O J3 W) “ C 

O P.C S — 

ws c-"^ 
.a-Sg^ ^ 

•rt C a «> *> 

O ^ .C O 

Id .ts O T1 

^ o *5 a 

l‘a|§s 

Ni:§i 

C 

O 9 C u 4> 

O O JS ^ 

a> g ^ c^ 

U5 5 3 i2 

<-» O ^ o 
o s 8 « O 
C B'eS Q 
0«*; :>.W>S 

4-4 lO r5 y 

I’EStt 

I e o-a 

§ C »s W).rt 
O S ^53 

o 3 X s c 
j3 5 c 4> 42 o 
H S c3C cx a 


S.h fe 

c .S Ta 5 ^ 
•53 O O 
-o >s c g o- 

W) 

> 3-S -g 2 

la-s § - 

o 3 o ^ *5 

Sill'S 

-o « ^ I W 

S.c:g 
^ *1 o a « 


E c:3 

2 a 2 


^ 5 D 

•32^6’® 

c w> ^ «j9 

c .^4 0) O 4 >^ 

5?-^ fc: 

•si •‘K w) a 

t/5 M\ 

«? a 4> 

” I tS §“ 

■81 I'll 

4-* B *g ^ ^ 
a ^ 14-5 bs 

Ini'S 

s-Sa-s; & 


•§ 8 

d 4-4 

> ^ 

o V 

^ t: 
w o 
TD c; 

'S ^ 

c 2 

.,-1 g 

5 2 

6 S 

5i-c 

C/3 W 

•* 

W 2 
P4'a 

3 

4 J 

a ^ 3 

s ^ 3 

1) g Cl. 

■S 2 2 

I 

i4-i D O 
-rt O Ph 

S T3 ^ 
sa 8 
« 

•-• •t3 a 

C ^ 
O o o 

•g a-s 

i Sc 

^ S ca 

S r! 
O D C 
O ^ 4> 

^ ti 

£ S ^ 

H C5 t/5 


2'S?^42S'2 

Itlll'^i iigjll 

S'ggles?^ T>XeO,a-S 


e a •§ ■§ s »^ 

1^ crt 52 R crt CT 

8Si§-i®-s 

w-e 2 ^ s 


;G g t/J C/j 4^ O 

H B g -q o .2 ^ 

'a g al 1:21 

c-s=B I 

^•S’S.as o g 
B s c M §>11 

|g'S g g « ^ 

•S § "O S e3 1*3 

.S ^«« «« c F fe 

2 2 § 2*2 • ^ 
•a 3 § o 2j 2 
c C I c -S ^ 

3 §> a §* ^ 1 ^ 

^■a G 

W5 T3 S 


> S « 

^2 B « 

l^-o H^a-i«s 
h 2-® a*®-® 

l«£-sjaa 

a ® S--S ago 

-cSoSbo^edx: 

«ts^35§ai 

^ 23<6 


« 8,c OL,a.g 

^ ^-4 ^ g 

J«-is c'l 

o 3 -52 <2 C S3 

g ^ G CL, > 

“•■s is s I 

g to^ L4 ^ 

s u ci 
5 ^ *5 > j> 0) 

-O tS I 4 -. g -G 

D P O 4i ^ ^ 
^ G »-i ^ bi t\ 

«“O3^8 

•g ^ -a -S g* 6 

Sg § 2^ 2 
><—' & 2 a ^ 
«i5 **Q a « 

iSfiTS 

l^“ a-sa 

a ^ s o 

S'B g ii-s 

vj « g P j, M 

> 2 -3 a ‘g 

o s'-a ts 2-5 s 

p<i- 3-^«c 

^Tv 5t KA.^ 4-4 


g«|ff’§Q jC|p 

i2*sa^g«2 H2b 


o * 

« § 

XI .2 
•q 

o o 
S3 c 
o 

fi *5 
c u2 
o % 
u ^ 

c/) g 

i" 

c/1 
> G 

a 01 

S3 ?i 2 

0 Eb‘-3 

’2 g 2 

«2 8 

«) 

S X3 CI 4 

</i 

*-► O 
14-1 -C 

o - 8 

>»o’p 

3 3 

g s-s 
•3 3 2^ 
s S:S 

« 3.^ 

^ B^g 


P fe, 

W) CI 4 


a.-c : 

^ 2 

^ K 

o 3 - 

O 4 

«a 

^ X 
H 4) . 


ri 

8'gJi 


fc.’o 

.0 


5x 

p <0 

a,< 


s 3 
^ 2 
no ^ 

< ^ 


1 i 

2 3 

p B 

ii 

c *q 
4> B 

4-4 

O o 

sg 

« g 

4> G 

22 o 

h 

G S3 

i a 

•o 2 
T> ^ 

IP ^ 

is’^- 

” S3 *2 
'p ‘S a 

c^ G &> 

.§5 a 

CoS 
1*5 43 
c ^:b 

g a 

« 3 p 
52._B 

CO 

CO CO 

5 

H .S ‘C 


c §'g 

■g §’g 8 

C 4) 4> 

•a 2 ®'o 
e| gS 

o ^ 2 b 
®*S 

35 <t>^ 

M bOJ3 C. 

*2 § CO e 

g 2.3 ^ 

i ® 

*G *rt ^ 4> 

P -S 

c a s "3 
g'S « 3 
*0,2^ g 
22 o g 
^425’§ 

a-si^B 

o 5 *3 

CO Lm CO 

4> ® 6 bD 

5 2-2 c 

<« “>a5 

O g 0 O 
^ P O G 

§§,8 2 
•g sa-s 

S » V, O 

« O > 

«-B rt'C 

F.a a2 


as o 

>> 

coS 2 


c«5« 3 

tC ® 2 


U S « 
^•S P 

•S "2 i 

'a ^ •" 

8 § & 

a-B o 

c S c 

"* 

a 2-g 

73 O G 

p o 

CO ^ 
^ CO c 

2 5 — 

5^8 

<0^0 

so© 

o « a, 

sS « 

o|5 

PhZS 

^ ^ 

" O 5? 


aiS . 

S‘2 c^ 

j> o, ^ 
fp I 4-4 c ^ 
M O i-g cs 


•q 4> 

B’S 

eo 

g'S 

G P 

*1-4 

CO 

-C ^ 

G 

*G 4> 

C -P 
'G ^ 

S'® 

i31*-. 
d, o 

fe 2 
^ § 
as 

— s 

5 & 
o E 

^ D 
4> *- 

cS ^ 
d-S 

•5 ^ 

G -O 

x> ^ 

4^4 

o -a 

•S £ 
d ‘,=3 

® 2 

g 8 

•r? -P 
.2 M 
tl g <u 

ji a'Eb 

fC 4> C 

H o 


^ CO 
*5 CO 
4> X3 

•o ♦-* 


CO 4> 
^ C 

CO .S 


a*^o 

is^ 


CO S3 
4) 

CO O 


CO O 

2 p 
•^■50 

a c 

u a 


o< o 


ja 

^ S 

x> 2 


S’g 

8 .| 

iii§ 

d 4> U 

d G I-, 

fe ^•i<2 
I aB-g 

as's-a 


33 i <« 

4 ) «« *rt 

^ bO'C 

2 h S 

c2 8 ® 

« " fe 

•55^ 


S 8.6 

c **« 

fa t/5 

i'Ss- 

P -q 4> 

ii2 

^ g. 5 


5 2 8 

2 ^g I 

o ^ 2 
c o,d 
©> 3 — 3 

«■« a‘fi 

S 2 o « 


CO ^ 

8 ^ 

•P JZ 


o x^ 

b 2 


W)X3 
C 4) 


^11 


G > r-' -q 

ST ‘CO 

4> CO CO ^ 

p-d 3 « 

-2 B s.^ 

c^®*8-S 

« c ■|,-c 

^ -c a-8 

2 p ® "g 
5,-o Sj ^ 

a’s 


w) S5 

>?H G 

c x> 


o ^ 

4) 5^ 
co G 


r,i-s a 

,8 ® a« 

a,g ^ ^ 

q* c CO DO 
o G I-I 

B B C 
6 2 3d 
g ^ S2L p 

G ps G 
CO H 

^ 41 Si ^ 

_ W) W)^ 
d G G ^ 

^ S 5 2 

^ ts 

2 P P d 
£ g p S? 
J!^ j^ U 


^ 3 

o w, 
d 5 

'i 8 

■§ § 

8 g 

« c 

g’i 

2 8 

CO 

2l 

ii 

■a sf 

a® 

g^ *4-1 

c o 

d C 

S o 

S 3 'rt 
*5 41 

E 3h 

ii- 

^O-g) 

S ^ ® 

S?5 «3 

i’^l 

to 2 4> 

^ JS 

8 8^ 

d ="-c 

<da 




c 


5 C 
o ;r3 

'S 

^ 2 

C/J 


8 

s 


t/5 


o OT 
r b 


D 

•C 


o 

e 2 
'S « 

So 

t3 "S 
§ « 

§•§ 

■^1 
:g S 

e *> 
O a 
•S -o 


o 


c 

V 


o 

(A 

■8 

•c 

O 

cx 

o 


CA 

•S 

bD 

C 

•§ 

t3 

o 


• P 

c/5 

e«2 

S u 

2S 

PuiTJ 

8 § 

11 

V-i 

.22 DO 

'S-f 
o S 

.s 6 

c o 
a> c 

2 S 
cx2: 
W o 

53 > 


8 


c^ 


o 


§ 


o 

c 


•s.€ 

C O 
o ^ 
^ o 

ed 3 

a> 

-C 4) 

•§2 

o ® 

*= '3 

•2 o- 

ll 


’TS d 

S -S 

S 2c^ 

^ s ° 

^ ^-H S 

s o-B 

S3-.3 8 

X> 

^ cd ^ 

52^ § 
o ^ 

>>•£3 

■g^ I 

^ 4 > cd 
S SS o 

S Cd X 
&X) o 

C O fe 
j:: ,p 


D D 

S3-S 

•O’C 

§ i 

§ 


c 

o 


a. 

«> jl 

- 0:5 

o 0.3 

2 0.2 

H 

p^ ’3 "S) 

« -Q -d 

f® ’S 
H .5 ea 


4> 2 
W'* 

2 a 

2 2 

c/5 C/5 

"3 ^ 


t°'S 

6 I “ 

|SS 

O o ^ 

0-0 u 

o ^ 
■S 2 2 
?'55:a 
O o-S 

.g-SS 
3 g ^ 

^ <3 

.c i ^ 

S3 


2 M 

■S 3 

a B 

o W) 

^ c 

-q'-a 

2 u 

cd 'pj 
8 - 
c/5 O 

C ;2 

o.'B 

O cd 

O -X • 

^^ 
c/5 rj > 

••3 oiJ 

D C 

^00 
H 53’^ 

o 

cd 
w 


li^ 

'o- S "O 

Im 25 
Q « q 

HS fr 

2 ^ s 


o w ^ h *0 

J «8aB 
.2 ’S) 
o 


S 

4-rf 

I 


o 

3 

z 

c<> 

VO 

06 

vb 


ej * B c 

V-/ c/5 C ^ ^ 

S-^ila 

^ S^S-S ^ 

3 3‘i I “ 

^ oiSS'S 

itli^ 

?t|ii 

I'S e -1 

’^§ « i 1 

fe-s I «-s 

2 > "O b O 

^6 8 2 

^ ^8 8-a 
•2 o ^ 8 iS 
73 ‘C y r o 

3 

8 3 .. 60 


§ 


•C ^ O td 

lllli 


u u u 
c 


«5 

a 

V 

w 

>» 

Vi 

U 

< 

> 

5 

Vi 

Vi 

u 

U 

«>. 

00 

# 

VO 


O' w) 

o 

•s H ^ O 

8 2^, S 
? ‘S 

” ^ ^ o< 

- 2 a g 

^ 4> -O 

131! 

o P c 2 

2 a s « 

‘b s ^ ^ 

■pu °.2 
a c 3 

« "3 ^ 3 J3 

•S g-o g,^ 

■s a *5*« ^ 
^ S &8 i 

-oW ^ 

c «e/5 3 4> 
O .C CO o^ > 

•Td ^ Q^v 


a 


*0 ^ .53 2 

^•Sg’S 

c/5 O 

j5 S S 8 

« G a 

i5.e’S>§ 

-S3 o ..»4 

3'S sc 

^ o 8 « 

J3 5 

•3 ^ 73.2 
> o >*’3 

2 2*0 
g <2 .2 Ok 

o<^ "* 

% l: i> o 

o 0 HS ii 

o td 'C ^ 
gJ'O O 

SIB'S 




Bo-SSI 

S 8 s-g 2 

o ex iix SS o 
W> to 8 5 c 

^ ti 5#\ 

> ^ ? U3 ft> 
> 


Ok § Q "S .2 

“2 § s § e I . - 


H f> C^ O «pl 

O g 


S => P 

s-sl 

0^0 


§ 


■8 

c/5 

- e* 

Q 


V4 o 

oii 
ca _ 
^ 2 


§■8 
P 


P 


C/5 

P 

■o 


c 

^ s 

:23 > 
> w> q 
o P P 
b t: w) 
c 


V-I 

c 0 

><•*-« 

^ ai 

.e g re ”0 1 

a 3.^‘> 

§■=3 

S B S 

<2 3 

0 *0 4) p* 

TS H Pi 

'5'^ -j 

>^’3 

0 Sk*" ^ 


p 

«-» 

c/5 

C/5 


w 

cx 

cx 

:3 

c/5 

.P 


•g c: f-j a^'-s 

8 ou 3.8 

"> 2 w g „ 

i S 

^ aP a 2 


P =3 
C ^ 

o ^ 

•S CO 

C= b 
OpJ 5 

-O ^ 

cd P 
Xi Xi 
c/5 

O ^ 
^ c o. 

j.s?8 

^ o:S 
W-o-g 

O O M 

■S£ j 2 

g_ H O 
2 

a.EP'S 

•?;i o 

'O " *^5 
P & C 

45 2 O 

H ^ '^3 


p 

45 


o 

o 

Ji 


Pco 

a^l 

g-o-s 

c/5 pQ cd 

p p b 
X .0 
•.c:p^ 

0 ) • TS 

Ji-se'as 


^ *5 
c 

W) JO 

.f.4 ^ 

?? N 
^ p 



p-^ L.-I 1> 

55 O^ 

^ bO^ 

^ <= 2 

c/5 

*2 ^3 

> S 

D P p 

II.I 

| 5 | 

o 5 ^-a 

2 8 § 

■g 

a.S'^ 

2.32 

2 2 s 

age 

^ Pa Q 
Cd O & 

■s-s a 

c/5 2 

B 2 “ 

2 8 S 

CO ^ O 
^00 

•e-s B 

c^ 45 a> 

r^ a-J 4^ 
O .JM c/5 

s I ^ 

"o •* 73 

o c-G 

a 

H ^ £7 


^ o 

S3-S-S 
e 60 ^ 
S3'^.a o 

C 4) 'P 2 

I S 8 8 - 

-S c 

^ is 4-j 
O .0 
•O -rt *•-• 

C c/5 di 

-11.1 

c g ^3 

i2 P ^ ^ 

0 . 2 -O'S 

bS'S 

aj'i § 6 

^•o -g g JJ 

^ a B „ g? 

g o.y-S “ 

s 2:1 « 
B-ss 2 

ii O S-g 
*T^ pw 45 P 

^ ^ O 
H C ^ 

*2 4>‘p c/5 


O C 55 4> >^*0 

•s il-s go 

C c g ® S ^ 
^ o r p § 

ia'I °-|^ " 

x: ^ 5® • 

c/5 y 


4J 


o td ^ >x 

i-s s-s a 

i'l'^ “ 

o o 



^ 4> cd . 

_ 1’8 ^*3 8 

•s 2 a 8 'Cifi 

'5^0 « 

I'-S g § B § 

•S-s « s “a 

l-s G 2:32 
l.-^lS g.S.s 
I- a ^ 8 ^ a 

Sl'S.SSS 

111? 1.1 

o 5 a.s «»£ 

§a:^8.= 2 

felJil'il 

d> C/5 ^ b S 

•3 2=3-8 i;S 

u, *2 > « ^ cd 

S-S-a S-S-g 

g.|f 1^1 
a^'B'SSS’ 

a . tC 3 -5 



spaces decor. The size of the potable water tanks must meet the requirement of 

having enough volume to meet the two day water use initial water 
In the systems where vibrations are present during operation, the treatment system start up. Depending upon launch logistics, the size 
material selected will either dampen the vibrations or other material of the potable water storage will be sufficient to provide a four day 
which will reduce the vibrations will be added to the system supply of potable water. 
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The water storage system for the ECLSS is designed to provide each The temperature for general use areas should be 23 to 24 C, with 

module with a supply of potable and hygiene water so diat isolation a relative humidity between 30 to 50% (NASA-STD-3000,1989). 

of a module does not restrict the operation of the lunar base water To maintain this range, a finned-tube type heat exchanger is 

system. envisioned for the venting of heat into space. 
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Project Genesis Lunar Base Design 




















































































Genesis Lunar Outpost 














































Project Genesis Lunar Base Design 



Figure 7.1.1-3. Base floor plan. 
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DOMESTIC MANAGEMENT 
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Figure 7.1.1-5. Longitudinal sections. 
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Project Genesis Lunar Base Design 



Figure 7.L2-1. Entrance to the lava tube from a lunar crater, showing the command center 
on the surface level and the electromagnetic elevator to the deeper recesses of the tube* 
























Genesis Lunar Outpost 



Figure 7.1.2-2. The other entrance/exit to the lava tube showing the logistics/storage area. 
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Figure 7.1.2-4. Upper level floor plan. 
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Figure 7.1.2-5. Site plan. 
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Figure 7.1.3-1. Site configuration of the inflatable lunar outpost. Note that North is to the left 







































Genesis Lunar Outpost 



^ 7.1.3-3. South end (right) of the site showing the power and emission part of the 

base featuring solar collectors and radiators. 















Project Genesis Lunar Base Design 



Figure 7.1.3-4. Phased development of the inflatable site from initial base setup to IOC 
(Phase 1) through expansions of the central research/habitat and outlying power and landing areas. 
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(b) Cargo will be brought down by landers and prepared for (d) Structure will be unpacked and unfolded on the lunar surface. 

construction. 
















Project Genesis Lunar Base Design 



(h) The interior circulation core will finally be constructed, 
(f) The die walls will then be inflated and also filled with giving additional structural 

rigidizing foam. support. 






7.2 FINAL DESIGN SOLUTION: INTEGRATIVE DESIGN 
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Figure 7.2.2-2. Phasing of Project Genesis: Emplacement Phase 1 
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Figure 122-3. Phasing of Project Genesis (cont.): Completion of Phase 4 - IOC. 
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7.2.3-1. Genesis Lunar Outpost: Phase 1 plans and section. 
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Figure 123-3. Phase 3 floor plan 
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Figure 7.2.3-4. 
Phase 4 floor plans 
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Project Genesis Lunar Base Design 



Figure 7.2.4-9. Regolith bagging and stacking near completion. 
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Genesis: Lunar outpost (D. Baschiera & 9 others, G.T. Moore, & 
T. Hansmann). Design project abstract in R.I. Selby, K.H. An¬ 
thony, J. Choi & B. Orland (Eds.), Coming of age: Proceedings of 






